Abstract
The quality assurance plan identifies and explains the required quality assurance and suggested quality control practices for obtaining sediment data. The approach is to subdivide the process for obtaining sediment data into three parts: (1) Field, (2) office, and (3) laboratory operations. The report also summarizes recommended goals for each subcategory.
The quality assurance and quality control practices are described by stating the minimum acceptable activities that a district should conduct. For example, the plan describes field calibration of thermometers and standards used to calibrate a thermometer. The plan also proposes corrective actions if the quality control procedures identify a problem.
The plan describes the formal reports prepared by a district that describe the completeness of sediment data and presents an evaluation of data obtained by the quality assurance program. Also described in the plan are the external (non-district) reviews that are needed to examine district sediment operations for conformity with district quality assurance plans and national quality assurance programs.
INTRODUCTION
The erosion, transport, and deposition of sediment relative to the land surface, streams, reservoirs, and other bodies of water have been a major concern in the United States for hundreds of years. During this period, many sediment problems have adversely affected the use and development of the Nation's land and water resources.
Many human activities, such as silviculture, agriculture, mining, and construction may alter protective vegetal or soil cover and may result in increased erosion. Natural events, such as extremely large rainstorms, wildfires, or volcanic activities, also may contribute to increased erosion rates. Increases in erosion are generally accompanied by an increase in the supply of sediment to stream systems which may result in premature filling of lakes and reservoirs, increased flooding of streams, accelerated bank erosion, siltation of fish spawning beds, and hazards to navigation.
Sediment problems can also result from the interruption of the downstream movement of sediment by dams and reservoirs. Consequences of reduced supplies of sediment to a stream system include undercutting of instream structures, excavation and remobilization of contaminants in streambeds, and depletion of sand in beaches.
The needs for sediment information are many and diverse and commonly extend beyond the solution of a specific problem. Individual problems associated with the erosion, transport, or deposition of sediment in a given river basin are intricately related, but each problem occurs in a different part of the basin at a different time. Sediment problems in the lower reaches of a river may occur years, decades, or even centuries after problems are detected in the uplands.
Sediment programs may require sampling and analysis of suspended and bed sediments for extended periods and over wide ranges of hydrologic conditions. It is essential that quality assurance and quality control procedures are developed to ensure that the data obtained are accurate, precise, and representative. Such procedures are equally essential to maintain the accuracy and completeness of sediment records used in research and resource-appraisal investigations.
Quality assurance (QA) provides an opportunity to improve all aspects of the U.S. Geological Survey (USGS), Water Resources Division (WRD) sediment program. Field sites should meet minimum siting criteria. All data obtained at the sites should be obtained by using acceptable equipment and procedures. The WRD district offices and laboratories should strive to operate under sound and well-defined quality assurance programs and established quality control (QC) procedures.
This report provides guidelines for the establishment of QA/QC practices that can be applied to the collection and processing of sediment data. The scope of the report primarily relates to the physical aspects of sediment and sediment transport. Adherence to the guidelines will ensure high, uniform, and well-defined quality data and provide adequate documentation of individual QA/QC programs.
General Functions of the Water Resources Division
The WRD investigates the occurrence, movement, quantity, quality, distribution, and uses of surface and ground water to develop and disseminate hydrologic information on the Nation's water resources. The collection and dissemination of sediment information is included in many WRD programs and activities. WRD functions are carried out at two levels: headquarters and field. The organizational diagram of these two levels is given in figure 1.
Headquarters Organization of the Water Resources Division
The headquarters of WRD is located at the U.S. Geological Survey's National Center in Reston, Virginia. Several headquarters groups play unique roles in the effort to obtain sediment information. The Assistant Chief Hydrologist for Program Coordination and Technical Support exercises principal responsibility for: (1) Planning and developing integrated national thrust programs of hydrologic investigations; (2) providing technical advice and support to WRD scientists, including overseeing of quality assurance efforts for scientific and data-collection activities; and (3) overseeing development of new scientific approaches and methodologies for WRD technical programs and formulating the Division's hydrologic training program.
The Office of Surface Water provides leadership in the development of techniques for the collection, analysis, and interpretation of surface-water data by the WRD. In 1985, the leadership responsibility of the Office of Surface Water was broadened to include physical sediment data. The Office of Surface Water provides technical advice to the regional offices and to district offices on matters pertaining to the Nation's surface-water and sediment resources and maintains a system of quality control to assure the technical excellence of field programs and personnel with respect to the collection and processing of surface-water and sediment data. The Branch of Quality Assurance provides QA technical advice to the Office of Surface Water. The Office of Water Data Coordination provides support to the Office of Surface Water through coordination of equipment, sampling, and laboratory procedures development with other federal agencies. The Office of Water Quality provides water-quality and sedimentrelated technical advice to the Office of Surface Water.
Field Organization of the Water Resources Division
WRD field organization consists of four regions, each headed by a Regional Hydrologist. Each Regional Hydrologist directs operational functions of WRD water-resources programs in their region and coordinates technical and training assistance for district offices. The QA program for sediment data in each region is implemented by the Regional Hydrologist for that region.
Field, office, and laboratory operations are carried out in district offices, each headed by a District Chief. The District Chief is responsible for the planning, direction, and execution of the hydrologic-data collection, laboratory analysis, investigations, and research within the district.
Purpose of Quality Assurance Plan for Sediment Data Collection and Processing
The objectives of this QA plan are to provide a formal standardization, documentation, and review of policies, procedures, and activities that are used to maintain or improve the quality of sediment information obtained and disseminated by WRD. This document describes various categories of sediment information obtained by WRD; suggested procedures that could be used to obtain, analyze, and process data to ensure its quality; and typical organization and responsibilities of WRD personnel. This plan identifies and explains acceptable QA practices for the selection and operation of field sites, sample handling, operation of laboratories, data and records compilation, and data storage. A list of pertinent references and a glossary of sediment and QA terms is included.
FIELD OPERATIONS
Field operations include the collection of sediment samples and the measurement of various stream constituents by technical personnel, local observers, or automatic samplers or monitors. The data obtained for a site may include suspended-sediment concentration and particle-size distribution, bedload discharge, bedmaterial size, total load, water discharge, water temperature, stream stage, and field notes. The amount of sediment data obtained for a given site can vary widely depending on program requirements and weather conditions. 
Organization and Responsibilities
The primary responsibility for collecting, processing, and reporting sediment data rests with the District Chief. The District Chief ensures that technical personnel are adequately trained to carry out their assigned tasks, and that acceptable methods and equipment are used.
One or more persons in a district or regional office should be designated to oversee the quality assurance of sediment data. These persons must be experienced and knowledgeable in proper procedures for obtaining and processing the data.
District Goals for a Sediment Station
Typical goals for the operation of a sediment station are:
a. To obtain all data using acceptable field methods and equipment. Guidelines for using acceptable field methods and equipment are described in Guy and Norman (1970) , in Edwards and Glysson (1988) , in the Annual Book of ASTM Standards (1991), and in internal documents distributed by the WRD and the Offices of Surface Water and Water Quality. b. To record correct and complete information on all sample containers and field notes. c. To measure water discharge to an accuracy of ±5 percent.
d. To measure water temperature to an accuracy of±0.5°Celsius.
e. To measure stream stage to an accuracy of 0.2% of stage or ±0.01 foot (0.003 meter), whichever is larger.
Sediment-Site Selection
The location of sediment-measurement stations should be selected prior to the systematic collection of sediment data following guidelines given in Guy and Norman (1970) and Edwards and Glysson (1988) . A description is prepared for each station to document site characteristics, field techniques, calibration procedures, and required laboratory analyses.
The station description should include at least the following information:
a. Stream name and location, b. Date the site was established.
c. Purpose for obtaining the data, d. Flow and sediment characteristics, e. Equipment to be used at the site.
f. Sampling techniques, instructions, and frequency. g. Observer information (if applicable).
Sediment-Site Operations
The two basic types of sediment stations are periodic and daily. The amount of sediment data obtained for periodic sediment stations usually ranges from 10 to 20 measurements per year. Sediment data obtained for daily sediment stations may include several hundred measurements per year.
Field operations for periodic sediment stations generally include the collection of sediment samples, the measurement of sediment-related constituents, and documentation sufficient to compile a data set of instantaneous values. The data should be representative of the mean value of the constituent in the stream at the time they were obtained.
Sediment data obtained from periodic sediment stations may include samples of suspended-sediment concentration and particle-size distribution, bed material, bedload, and/or total load. Sediment-related data generally include measurements of water discharge, water temperature, stream or particle characteristics, and stream stage. Field notes are used to describe the procedures followed to obtain the data and to report any information that could affect the use, analysis, or interpretation of the data.
Field operations for daily-sediment stations require the collection of a sufficient number of samples to compute daily values of sediment concentration and discharge. The required number and timing of samples usually requires the use of local observers, automatic pumping-type samplers, or sediment monitors.
Samples collected by observers or pumping samplers are commonly obtained at a single sampling vertical or point in the stream and are referred to as box samples. Box samples are obtained on a frequent basis (several hundred times per year) but may or may not be representative of the mean concentration of the stream. Cross-section samples, which are representative of the mean concentration, as well as concurrent box samples, are collected periodically (10 to 20 times per year) by WRD personnel to allow adjustment of values for the samples collected by observers or pumping samplers.
Sediment-related data obtained for daily sediment stations include data similar to those described for periodic sediment stations. Field notes are prepared for each visit to a site.
Sediment-Sampling Techniques
Specific sampling techniques and instructions are given in the station description for each site. The station description is updated to document any substantial changes in sampling techniques or the use of unusual techniques not described in the standard references.
Calibration Procedures
Sediment data obtained from box samples are adjusted to compile a sediment record that is representative of the mean concentration of the stream. Guidelines for obtaining sufficient cross-section and box samples are described in Guy and Norman (1970) , Porterfield (1972) , and Edwards and Glysson (1988) .
Thermometers used in field operations should be calibrated before each field season. Field thermometers are calibrated to ±0.5 degree Celsius (°C) at three temperature ranges (0-5°C, 15-25°C, and 35-45°C) against a National Institute of Standards and Technology (NIST) certified thermometer.
Thermometers should be visually inspected before each visit to the field site. Observer thermometers are generally checked during site visits. If the water temperature indicated by the observer thermometer varies by more than 0.5°C from that of the WRD thermometer, the observer thermometer should be replaced.
Onsite Quality Control
Quality control procedures used at the sediment station include observer training, equipment and sample inspection, replicate sample collection, and other observations during station visits by WRD personnel.
All new observers should participate in an informal training session at the sediment station. The training session may include a general discussion of introductory hydrologic concepts, specific hands-on instruction in the use of equipment and sampling procedures, basic sampler maintenance, and a schedule for sample collection. The observer's sampling procedures and overall performance should be closely monitored during subsequent visits.
Onsite quality control by observers is accomplished by frequent inspection of sampling equipment and the collection of a specified number of replicate samples. Data can often be improved by providing the observer with the names and telephone numbers of personnel that are available for assistance in remedying problems at the site.
WRD personnel periodically review observer sampling procedures. Observer equipment, samples, and records are inspected at the field site during each visit. WRD personnel should strive to collect sufficient cross-section and box samples to adjust the observer sediment data and periodically collect replicate samples.
Districts should assign a person who is experienced in sediment sampling, such as a section chief or project chief to visit each sediment station at least once per year. This person inspects the site and reviews sampling procedures of both the observer and WRD personnel.
Records and Data Handling
The observer records sample information similar to that shown in Guy and Norman (1970, p. 29) and Edwards and Glysson (1988, p. 52 ) on the sample container at the sediment station. The observer generally records sample information on a summary form.
During each visit to the field site, WRD personnel should record sample information, observations, equipment maintenance, and other pertinent information on a field-inspection form. If the WRD personnel suspect a potentially dangerous level of a hazardous substance may be present in the sediment sample, a safety protocol should be developed for the transportation and handling of samples.
Corrective Action
Any problems found during routine visits are to be corrected at the sediment station or are to be brought to the attention of the section or project chief. At each site a control chart (Friedman and Erdmann, 1982, p. 91 ) is recommended to identify problems at that station. Additional visits to the sites are scheduled if appropriate. e. Sediment data are entered into computer files as either instantaneous or daily values. The records are stored in the appropriate National data files and are retrieved for publication or to fill data requests.
Documentation

Organization and Responsibilities
The organizational structure of office operations varies from district to district. Each district prepares a QA plan that describes the assignment of office and site-support functions to specific persons or hydrologic-data groups. The primary responsibility for the implementation of office operations and station support rests with the District Chief. The District Chief ensures that district personnel are adequately trained to perform their assigned tasks and that acceptable methods of data collection and records compilation are used. One or more persons in the district should be designated to assure the quality of the sediment data and records. These persons should be experienced and knowledgeable in the acceptable procedures for obtaining, processing, and reporting the data.
District Goals for Processing Sediment Records
are:
The goals for processing each sediment record a. To interact frequently with the observers and laboratory to achieve a satisfactory sediment record for the station.
b. To tabulate correct and complete information on forms and worksheets.
c. To compile sediment records using acceptable and approved methods and procedures. Guidelines for the compilation of sediment records are described in Porterfield (1972, and in internal documents distributed by the WRD and the Offices of Surface Water and Water Quality.
d. To correctly enter all required sediment data into appropriate computer files.
Sample-Handling Procedures
Suspended-sediment or total-sediment samples are commonly placed in glass or plastic sample containers and transported from the field site to a consolidation site. The samples are visually inspected for container damage or sample loss at the consolidation site. At the time of inspection, sample deficiencies are recorded on the field-inspection form. The samples are sorted according to station, date, and time and are placed in protective containers for shipment to the laboratory. Sample caps are taped or secured to prevent sample loss. A shipping form is filled out for each shipping container. The shipping form includes a description of each sample in the container. Suspended-sediment and total-sediment samples are stored in a cool, dark place and are shipped to the appropriate laboratory within 1 month of their arrival at the consolidation site. The combined time for sample storage at the field and consolidation sites should not exceed 120 days. Bed-material or bedload samples are transported from the sediment station in bags, cartons, or other containers. Inspection and shipping procedures for these samples are similar to those for suspendedsediment samples. e. Appropriate charts and compilation forms.
Organization of Files
f. Correspondence and other information pertinent to the operation of the sediment station.
g. Checklist of record-processing steps, h. Station analysis.
Data-Evaluation Procedures
All sediment data obtained for a sediment station should be evaluated for representativeness and validity. Representativeness means that the samples appear to have been collected in a manner such that the analysis results are representative of the mean value of the constituent for the stream. Validity refers to the probable quality of the sample or analysis data. Data validity may be in doubt if sample identification is missing or ambiguous, the amount of sand in a sample is significantly different from that typical of other samples collected under similar flow conditions, part of the sample is missing, or if analyses of replicate samples indicate conflicting results. Data validity is reinforced when acceptable data-collection and laboratory methods and equipment are used and laboratory quality control is within required limits. Each analysis may be classified as either representative, undefined, or nonrepresentative. Representative and undefined data can be plotted versus corresponding values of water discharge on logarithmic paper. This plot is compared with sedimenttransport relations established for previous data. Data determined or assumed to be outliers are reviewed. Nonrepresentative data and undefined outlier data are excluded from the data set.
Sediment samples obtained at a single vertical in the stream cross section are generally excluded from the data set of representative data. A single-vertical sample may be included in the data set only if it was obtained during high flows where the sediment-transport relation is undefined by previously defined representative data and where the distribution of sediment particles in the cross section is homogeneous. Singlevertical samples used for defining temporal changes in concentration are evaluated by comparing the samples with other samples obtained during similar time periods or flow conditions.
Records-Compilation Procedures
Sediment data and records are compiled using procedures given in Porterfield (1972) . A checklist is used for each site where sediment data are obtained to help ensure that the required steps in compiling the records are completed. Each item on the checklist is initialed to indicate that the work was performed, checked, and reviewed. A station analysis is prepared at the end of each water year to document significant site and operations information. The station analysis describes the constituents determined, documentation of box-sample adjustments, any changes in the sampling program, significant stream and sediment characteristics, evaluation of site operations, and other pertinent information. Station analyses for water discharge and sediment records are combined for each site.
Data Storage
All sediment records compiled by WRD are stored in the national data files. Instantaneous values of sediment and related data are entered in the water quality file. Daily values of water discharge, mean sediment concentration, and sediment discharge are entered in the daily values file. Districts may choose to enter their data into the National Water Information System (NWIS) before transfer to U.S. Geological Survey Water Data and Storage Retrieval Information System (WATSTORE). The daily values are stored in the Automated Data Processing System (ADAPS). Records entered in the appropriate file are verified at the time of entry by comparing the written records with a primary printout of records stored in the file. Records stored in the computer file are periodically examined during subsequent entry and retrieval until the records are complete for the water year.
Internal Quality Control
Quality control procedures include examination, checking, and review. Field forms are periodically examined for legibility, completeness, and accuracy. Control charts are maintained to monitor the number of site visits and to ensure that site problems are adequately resolved. Laboratory request forms and correspondence are examined for observations regarding sample condition, sampling deficiencies, and any unusual results. Replicate samples are compared for consistency. Each step of the records compilation procedure is checked by manually processing a percentage of any computer calculated data. If any error is found, all work performed in that step is manually checked. Daily sediment and water-discharge values for periods of rapidly changing concentration and water discharge are plotted on logarithmic paper and are compared with similar values for previous years. Outliers are reviewed for procedural and computational errors. Upon completion of the record, all aspects of field and office operations for each site are reviewed to ensure that district and WRD protocols are being followed. Records stored in computer files are reviewed for reasonableness and completeness.
Corrective Action
Problems in field operations and sample handling are generally identified by assigned district employees and are promptly corrected by notification or use of alternative procedures. Corrective actions are documented in the individual site files. Errors in record compilation are corrected when identified during checking and review. If any errors are found in the stored records (computer files), all of the stored records for the site are compared with the written records. Corrections are made in the appropriate computer file.
Quality Assurance Program
Quality assurance activities should be interactive with field, office, and laboratory operations to implement a continuous QA program. Current information is obtained to evaluate the precision, bias, and comparability of the sediment data. The program includes "blind" insertion into the normal sample flow of split samples, spiked samples, blank samples, and reference samples. The frequency of analysis of QA samples is specified in the district QA plan.
External Reviews
Each district office receives a triennial onsite review by appropriate technical or management personnel from the Office of Surface Water. These reviews examine all aspects of district sediment operations for conformity with the district QA plan and the policies of the National QA program. The reviews include an examination of district sediment laboratories where applicable.
Quality Assurance Reports
A quality assurance report should be submitted annually by the District Chief to the Regional Hydrologist. This report includes a summary of the type and completeness of district sediment records, results and evaluation of the district QA program, documentation of any problems and corrective actions taken, and any proposed revisions to the district QA plan.
A report for each district review is submitted by the Office of Surface Water to the Regional Hydrologist. This report includes a summary of the type and completeness of sediment records, an evaluation of information obtained in the QA plan, positive and negative aspects associated with the district sediment pro-gram, and proposed revisions to district sediment activities. Matthes and others (1991) and Knott and others (1992) describe examples of quality assurance plans for sediment laboratories. These reports include quality assurance and quality control practices that should be followed in sediment laboratories. The reports also describe laboratory methods for the determination of sediment concentration and particle-size distribution. The methods described in these reports are summarized in this section.
LABORATORY OPERATIONS
Laboratory operations by WRD and non-WRD laboratories include the analysis of sediment samples and the measurement of sediment-related constituents. Sediment laboratories are maintained by several districts to analyze samples obtained in district sediment programs. Some laboratories operate on a continuous basis and provide analytical services to one or more districts, while other laboratories operate on an intermittent basis.
Laboratory Organization and Responsibilities
The organization of sediment laboratories varies from district to district. The QA plan for each district describes the analytical functions and organizational structure of laboratory operations administered by the district. The relationship that exists between a district and external laboratories should also be included in the district QA plan.
The primary responsibility for the analysis of sediment samples rests with the chief of the sediment laboratory whose office administers the operation of a specific laboratory. These supervisors should ensure that laboratory personnel are adequately trained to perform their assigned tasks and that acceptable methods of analysis and laboratory procedures are used. The primary responsibility for ensuring that the quality of the laboratory data is acceptable rests with the District Chief of the requesting office.
Goals
The overall goal of the QA program for sediment laboratories is to produce analytical data whose accuracy and precision are defined. Each laboratory should try to achieve the detection limits given in Silt-clay concentration must be at least 1,000 milligrams per liter. Mass of sand must be at least 0.05 gram.
described in Guy (1969) and in the written communications of the WRD and the Offices of Surface Water and Water Quality, and in Matthes and others (1991) and Knott and others (1992) .
b. To enter correct and complete information on all laboratory forms. c. To analyze all samples within 90 days of arrival at laboratory.
Sample Handling
Upon receipt at the laboratory, shipping forms and sample labels should be inspected for the indicated presence or suspected presence of harmful substances and for sample condition. USGS Handbook 445-1-H (1989) and Skinner and others (1983) describe safety precautions and procedures for selected hazardous materials.
At the time of inspection, brief comments may be entered on a log-in form to record the visual appearance (and presence of odor) for each sample. Samples in damaged containers should be either discarded or transferred to new containers. All sediment samples must be stored in a cool, dark place to prevent excessive evaporation and growth of organisms.
Samples should be weighed within 1 week of their arrival at the laboratory. A log-in form is commonly used to record required analysis information such as a unique sample-identification number, sample information, and pertinent log-in data.
Analytical Procedures
The standard methods for analyzing sediment samples are those described in Guy (1969) , in the Annual Book of ASTM Standards (1986, a, b) , in Matthes and others (1991) , and Knott and others (1992) , and in internal memorandums of the WRD and Offices of Surface Water and Water Quality. Standard methods of analysis and the recommended range of particle sizes for which the specific methods are used are given in table 2. Matthes and others (1991) and Knott and others (1992) describe the specific methods, procedures, instruments, and equipment used by an analyst to perform each type of analysis. These reports mandate a QA plan that is updated periodically (at least every 2 years) to account for changes in equipment or laboratory facilities. Changes or modifications to methods of analysis should be made only after notification and approval by the Office of Surface Water.
Sample Containers and Glassware
Sediment samples are shipped to the laboratory in a variety of glass and polyethylene containers. Each laboratory uses glass or porcelain apparatus for the Table 2 . Standard methods of analysis and the recommended range of particle sizes for which the methods are applicable analysis of sediment samples and stores reagent solutions in specified containers. Procedures for the cleaning, inspection, and handling of sample containers, glassware, and containers for storage of standard solutions should be described in the QA plan for each laboratory.
Instruments and Equipment
Sediment laboratories use a variety of instruments and equipment to analyze sediment samples and measure sediment-related constituents. Laboratory instruments and equipment generally include the following: a. Toploading balances are used to determine the weight of sediment samples or sample containers.
b. Analytical balances are used to determine the weight of small quantities of sediment, chemicals, or small glassware.
c. Sieves are used to divide sediment samples into the ranges of particle sizes required for different methods of analysis and for determining the particle-size distribution of samples. Small sieves (3-inch diameter) are generally used for dividing water-sediment mixtures into sand and silt-clay fractions. Large sieves (8 inch diameter) are used for determining the particle-size distribution of bedload or bedmaterial samples. Matthes and others (1991) recommend agitating sieves for 20 minutes by vibrating or shaking devices to pass sediment from the coarser to finer sieves.
d. Equipment used in the Visual-Accumulation (VA) tube analysis includes specially designed glass settling tubes of varying diameters, a recording mechanism that rotates at a constant rate, a carriage that moves vertically and marks the accumulation of sediment in the settling tube, a calibrated thermometer, and a stopwatch.
e. Pipet equipment includes a movable carriage containing the pipet, a constant-temperature water bath, a calibrated thermometer, a stopwatch, and a vacuum source.
f. Equipment used in the Bottom-Withdrawal (BW) tube analysis includes a specially designed BW glass tube, a calibrated thermometer, and a stopwatch. 
Standard-Reagent Solutions and Deionized Water
Standard-reagent solutions are used to calibrate laboratory meters. Deionized or distilled water is used to rinse samples into glassware and in the analysis of samples. Several options are available for quality assurance of reagent solutions.
a. Standards for specific conductance meters may be obtained from the National Water Quality Laboratory, from commercial sources, or may be prepared in individual sediment laboratories. Standards obtained from commercial sources or prepared in sediment laboratories will be compared with standards obtained from the National Water Quality Laboratory. Instructions for the preparation and use of standards are given in method 1-1780-85, "Specific conductance, electrometric, wheatstone bridge," in Fishman and Friedman (1989) .
b. Standards for nephelometers may be obtained from commercial sources or they may be prepared in the laboratory. Standards obtained from commercial sources should be approved by the U.S. Environmental Protection Agency.
Instructions for the preparation and use of standards are given in method 1-3860-85, "Turbidity, nephelometric," in Fishman and Friedman (1989) . c. Water used in sample rinsing and analysis will be first demineralized by passage through mixed cation-anion exchange resins or by distillation. The specific conductance of each new batch of deionized or distilled water will be determined and recorded in a logbook. The specific conductance of the water will not exceed 10 |j,S/cm.
Calibration Procedures
Calibrated instruments are essential to the achievement of reliable analytical results. Each laboratory maintains the calibration of its instruments by systematic checking with reference standards and by recalibration. The main function of logbooks is to help ensure that instruments are kept in good operating condition.
Each major instrument, such as balances, meters, or drying ovens, will have an individual logbook. An individual logbook may also be used for a work station or for minor instruments such as thermometers or stopwatches. Logbooks typically include information such as instrument specifications, instructions for calibrations, required maintenance schedules, or records of inspection, checking, calibration, and maintenance. The frequency of instrument calibration, maintenance, inspection, and similar instrument evaluation should be documented in the laboratory QA plan.
Record Keeping
As described previously, logbooks will be maintained for the laboratory instruments. Files will be maintained that will contain shipping and log-in forms, copies of analysis results, and pertinent correspondence for all samples received by the laboratory. Records should be retained for at least 1 year following formal publication of the data.
Internal Quality Control
Quality control procedures used in sediment laboratories include training, standards and instrument checks, equipment inspection, and laboratory document reviews. Quality control procedures are documented in the laboratory QA plan for each laboratory. Each laboratory should be a part of an interlaboratory program with one or more other WRD laboratories.
Training
All laboratory personnel participate in training and proficiency test programs for each type of analysis they are expected to make. Proficiency tests should be given to analysts before their initial assignment to perform a given analysis and at least at yearly intervals thereafter. The laboratory supervisor needs to keep a record of training and proficiency tests for each analyst.
Standards Checks
Deionized water should be checked at least daily to verify that the specific conductance is less than 10 |iS/cm. If specific conductance is monitored by automatic devices such as alert lights (Matthes and others, 1991) , manual checking can be extended to weekly intervals. Standard-reagent solutions must be reformulated at or before their reliable expiration date.
Instrument Checks
Recommended practices for checking instruments include:
1. Check toploading and analytical balances with at least two Class S weights (the weights must be in the range of anticipated samples) at the beginning of each work day. Recalibrate the balances if the weighing error exceeds 0.5 g for the toploading balance or 0.001 g for the analytical balance. Readjust the balances (both types) to zero after every 10 weighings. 2. Calibrate specific-conductance meters each day or before use with at least two standards representative of anticipated sample conductance. Check the meter with a fresh standard (equivalent conductance) if the meter reading varies by more than plus or minus two percent from any one of the standard values. 
Reference Samples and Standards
Quality control samples (blank, reference, or split samples) are routinely inserted in the normal sample flow to verify correct operation. The minimum number of QC samples ranges from a minimum of one for small batches of samples (1-5) analyzed to one QC sample for each 20 samples (concentration or particle size). At least one reference sample should be inserted for each 100 samples analyzed for concentration. At least one single-point reference standard should be inserted for each 20 measurements of specific conductance or turbidity.
Records of all quality control data should be maintained in the logbook for each work station (analysis) or for each instrument (measurements). The records should be initialed and dated by the analyst.
Laboratory Document Reviews
The analyst computes, initials, and dates all analysis results. The results need to be reviewed for completeness and reasonableness. The laboratory supervisor manually checks at least 2 percent of the analyses. Laboratory forms, logbooks, and documents are periodically (at least every 60 days) reviewed for legibility, completeness, and accuracy. The chief of the laboratory initials and dates all documents that have been reviewed.
Preventive Maintenance
A maintenance schedule needs to be established for each instrument. Records of all scheduled and unscheduled maintenance should be kept in an individual logbook for major instruments or work stations. Toploading and analytical balances should be serviced and calibrated by a manufacturer's service representative at least once each year.
Internal Quality Assurance
Each sediment laboratory should maintain a continuous quality assurance monitoring program for analytical methods. The program includes blind samples inserted into the normal sample flow of split, spiked, blank, and reference samples. QA data should be reported to the requesting district on a quarterly basis. Failure to obtain the expected results on any quality control or quality assurance sample should result in immediate action to identify, correct, and document the problem. The laboratory supervisor is responsible for ensuring the timely solution of identified problems.
Data Reporting
The reporting of analyses results and operations information by the laboratory is an essential part of the effort to produce high-quality sediment data. In many instances, the prompt reporting of sample deficiencies or unusual analyses results may allow field personnel to obtain additional samples or to quickly correct problems at field sites.
The laboratory chief immediately informs the requesting district office of apparent problems pertinent to sample deficiencies or to field sites. These problems might include: a. Deficiencies in individual samples.
b. Large differences in results of analyses for replicate samples. Results of analyses are transmitted to the customer in a timely manner.
Quality Assurance Reports
A QA report should be submitted annually by the laboratory to the District Chief of each requesting district that sends samples to the laboratory. This report should include the results and evaluation of internal QA program analyses and documentation of any problems and corrective actions during the period. A report on the external QA program for the laboratory should be included in the annual QA report submitted by each District Chief to the Regional Hydrologist.
Documentation
Documents required to support the quality control/quality assurance program of each sediment laboratory consist of basic references, the QA plan, logbooks, and laboratory documents. a. Matthes and others (1991) and Knott and others (1992) contain specific procedures for sample handling, cleaning of sample containers and glassware, preparation of standards and deionized water, instrument calibration, preparation and analysis of samples, calculations, and internal QC.
b. Individual logbooks should be maintained for each balance, meter, and drying oven in the laboratory. All calibration, inspection, and maintenance data should be recorded in the logbooks.
c. At least one logbook should be maintained for a work station for minor instruments such as thermometers or stopwatches. These logbooks need to contain the required maintenance schedule and all records of inspection, checking, calibration, and maintenance.
d. Laboratory documents include the laboratory QA plan, shipping and log-in records, copies of analysis results, and correspondence relative to data reporting, sample deficiencies, and QC or QA programs.
External Reviews
Each sediment laboratory will receive a triennial onsite review by appropriate technical or management personnel from the Office of Surface Water. These reviews will examine all aspects of laboratory operations.
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